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CHAPTER l•-INTRODUCTION 
General Interest of Area 
The area surrounding Lawrence is one of unusual in- ' 
terest. While it is one of the richest farming communi~ 
ties in the State of Kansas, it, also, has other indus-
tries drawing upon its large store of natural resources. 
Lawrence may boast of the largest water power project in 
~he State, and of rock, brick, and sand in far greater 
quantities than sufficient to meet local needs. 
With most of its wealth coming from natural resources, 
it may be expected that the region JF(:'tSsesses geologic ·Lin-
terest. This is further enhanced by the good exposures of 
sedimentary rocks and the presence of many glacial phenomena. 
Type sections of two divisions of the Pennsylvanian series 
occur in the area. 
Further interest attaches to the region because of its 
early history and finally, because of the loc'ation of the 
University of Kansas at Lawrence. Greater scenic beauty is 
not found anywhere in the P:_lains Province than is seen from 
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Section of e&stern Ka.nsa.s showing loc&tion 
or Lawrence and a~e& included in report 
7 
Location 
The area with which this report is concerned is a 
rectangular section four miles wide and extending north 
and south of Lawrence approximately five miles in each 
di~ection. This region was chosen because it includes 
.Parts of the valleys of Wakarusa creek·and Kansas river, 
and the edge of the uplands on either side. It is 
representative of many similar sections in eastern Kansas 
and in the area of the G.·reat Plains. 
The area is bounded on the north by. the Leavenworth 
County line, and on the east by the Jefferson County line. 
The range line between Rl9E and R20E runs through the area 
one mile from the western side. The township line between 
Tl2S and Tl3S runs through the center of Lawrence and 
across the projecting point of the hill upon which the Uni-
versity stands. The location, however, is more or less,a 
matter of convenience, since ·the report with its descrip-
tions and illustrations will apply in a general way to al-
most any p~rt of eastern Kansas. 
Lawrence, the only town included in the area is the 
County seat of Douglas County, Kansas. It lies approxi-
mately fifty miles west .of Kansas City on the Atchison, 
8 
Topeka, and Santa Fe and .: un1·6n ~j- Pacific railroads. 
Qt.her railroad service is offered by a branch line of 
the Atchison, 'Topeka and Santa Fe which connects with 
Ottawa and points to the south, and a similar branch of 
the Union · Pacific which runs to Leavenworth. Hourly 
passenger service to.and from Kansas City is furnished 
by the Kaw Valley Interurban. 
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CHAPTER 2--HISTORY OF LAWRENCE 
Settlement· 
Many things affect the location and growth of a 
city. Some are built and supported by the natural re-
sources of the region surrounding. Others are affected 
by their location and points of vantage in our great 
economic systems. Still others have had their beginnings 
in history, and have been built to fill some historical 
need. Lawrence was founded when history was filled with 
the crimes of slavery and there was danger that it would 
engulf the new territory of Kansas •. No more vivid his-
., .. 
'. 
tory has been enacted in any town than occurred in Law-
rence in the early part of her existe.nce. 
The first settlement was made at the present site 
of Lawrence in August, I854f The main purpose and cause 
of settlement was the desire of the northern people to 
secure Kansas as a free state after the passing of the 
Kansas-Nebraska Act in May 1854 which opened the terri-
l. Cordley, Richard w., History of Lawrence • 
. ( 9) 
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tory to slavery. Settlement was especially fostered by I 
the New England Emigrant Aid Company of Massachusetts. 
Most of the settlers were from Massachusetts and the 
northern Atlantia States. The townaite was selected by 
Dr. Charles Robinson of Fitchburg and Mr. Charles H. 
Branscomb of Holyoke. That the beauty of the region 
played a large part in the selection of the townsite is 
conjectured from the fact that Dr. Robinson had traveled 
over, what was later to be called Mount Oread, in 1849 
on his way to California with gold seekers, and had 
noted the "beauty of the spot and the magnificance of the 
view.n Five years later, Dr. Robinson remembered this 
~egion in choosing a site for settlement. 
The second party of emigrants arrived in September 
of the same year. Soon after, a town government was or-
ganized and the townsite was laid out, Disorders ~egan 
immediately. Ruffians from Missouri claimed title to 
the townsite and many of the claims of the settlers. 
These disputes were settled only by determination and 
force. In 1855 Missouri voters invaded Lawrence and 
elected the Kansas legislature. This "bogus" legisla·-
11 
ture was repudiated with_~he i''esu'lt that murder and 
pillage followed. Several times militia from Missouri 
camped near Lawrence ready to attack t~~ town at the 
slightest provocation. Sheriff Jones from Westport 
burned the Free-State Hotel, at the present site of the 
Eldridge House, and sacked Lawrence on May 21, 1856. 
Civil War Period 
Kansas took an active part in the Civil War send-
ing 22,000 men out of a total population of 107,000. 
Many of these men were from Lawrence. An event around 
which the history of Lawrence is centered during this 
period is the raid by Quantrell on August 21, 1863.2 
With nearly four hundred men,Quantrell swope~ .down.9n 
Lawrence without the slightest warning, and murdered 
and. burned in an extremely barbarious and cold blooded 
manner. Again the Free-State Hotel, now the Eldrigge 
House, was burned. Nearly two hundred citizens of Law-
rence were murdered and approximately two million dollars 
worth of property was burned or carried off in this raid. 
Only once following this during the Civil War period· was 
11 
2. Cordley, Richard W.,"-History of Lawrence" 
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Lawrence threatened with invasion when Price made his 
memorable drive to the North. This was averted, however, 
by a narrow margin. 
Permanent Development 
While the first settlers came to Lawrence primarily 
to save Kansas as a free State, they were not unmindful 
of the fact that the town would be permanent and would 
.Play a large part in the development of the West. When 
the Lawrence townsite was laid out, certain blocks were re• 
served for school purposes and provisions were made for a 
college. These early beginnings resulted later in the 
State University being established at Lawrence, and un-
doubtedly added to her prosperity. Situated in the "Kaw 
Valley", the richest farming community in the State of 
Kansas, Lawrence is a thriving c1ty to-day with a pupula-
tion of approximately thirteen thousand. 
CHAPTER 3-TOPOGRAPHY AND DRAINAGE 
General Statement 
The topography of the Lawrence area consists of 
wide valleys, low rounded knolls and high, flat, up-
lands. The widest valley is that Of the ·Kansas river 
flowing eastward through Lawrence. A few miles to the 
southward and separated from the Kansas by a low divide 
near Lawrence is Wakarusa creek fl~wing nearly parallel 
to the Kansas river and with a valley nearly as wide. 
Both to the south of the Wakarusa valley and to the 
north of the Kansas river valley are first gently roll-
ing lowlands and in the background high, flat uplands 
capped with Oread limestone. 
THE KANSAS RIVER SYSTEM 
The principal drainage channel of this region as 
well as the largest stream in northern Kansas is Kansas 
river. Kansas or the "Kaw" as it is frequently called 
is formed by the junction of Smoky Hill and Republican 





ries of Smoky Hill river·are Saline and Solomon rivers.1 
The Kansas proper flows almost due east until it enters 
Missouri river at Kansas City. The largest tributary 
which enters Kansas river is Blue river which rises in 
southeastern Nebraska and flows south and east through 
Blue Rapid.a where it is !j.oined by the Little Blue, and 
enters Kansas river at Manhattan. 
The Kansas River Basin 
The entire Kansas river basin drains an area esti-
mated at 61,440 square miles or an area two-thirds as 
. large as the entire state of Kansas. 3 Of this, 34,526 
square miles are in Kansas, 17,405 square miles are in 
Nebraska, and 9,459 square miles are in Colorado. The 
catchment area is approximately 485 miles long and 200 
miles in width at its widest point. The drainage area 
lies between Platte river on the north and Arkansas 
river on the south. These two streams encircle Kansas 
river in Colorado so that the latter is altogether a 
plains stream and is not affected by mountain storms or 




1melting snows from the highlands. -
Rainfall and Floods 
Both the Kansas and the Blue rivers have periods . 
of high water each year.4 Disastrous floods, however, 
are rare. The most notable flood occurred in May and 
June, 1903 when water covered all of the low bottom 
lands, causing considerable loss both in life and 
property.5 All conditions of high water are caused by 
excessive rainfall within a short space of time and a 
rapid run-off due to the clayey soil and lack of re-
straining vegetation. The average r.ainfall near Kansas 
City where Kansas river enters the Missouri is forty 
inches per year. Near Lawrence the average rainfall is 
only thirty-six inches. The rainfall decreases gradual-
ly to the west until .along the tributaries in Colorado 
it averages as low as ten inches per year. 
The River Channel 
The average width of the channel near Lawrence is 
4. Babb, C.C.,Hindler, M.C. and Hoyt, J.C. "Discharge 
Measurements~ U.S.G.S. Water Supply Paper No.172, 
pp.259-261. -
5. Haworth, Erasmus, "The Kansas River Flood of 1903" 
K.U.G.S.; Min.Res •. for ~902, pp.63-81, 1903. 
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·,/· 
between 600 and 800 feet.~ The depth of the stream varies 
from place to place and changes frequently due to the 
shifting current, but ranges from a few feet to ten. The 
gradient decreases from ten feet per mile in the western 
tributaries to one and four tenths feet per mile below 
Profile Showing Gradient of Kansas River 
Elevation . 
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Lawrence. Above Lawrence, the gradient is lessened by 
the dam which checks the flow and backs the water up 
stream for nearly six miles. The discharge which is 
computed from the flow times the cross-section ranges 
from between two and three thousand second feet (cubic 
feet per second) in an Qrdinary year, to nearly fifty 
6. Gannett, Henry, "Profiles -of Rivers" U.S.G.s.;. W.S.S. 
No.44, p.72, 1901. 
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~thousand second feet during times o'f high water. 
7 Elevation and Gradient of the Kansas River 
Locality Distance from· Heigth above Sea-
Mouth in Miles Level in Feet 
Kansas City 0 720 
Lawrence 50 796 
Topeka 87 864 
Manhattan 160 996 
Salina / 310 l,200 








The bed of Kansas river is composed of sand and 
silt. The only rocky place in the channel near Law-
rence is just below the dam where the stone has been 
washed from a ledge, which outcrops in the bed of the 
stream, and partly from an old dam which was washed 
out years ago. Sand is deposited in the swifter current 
while silt is dropped as a black mud in quiet water. 
The bed of the stream is shifting as is shown by the 
sandbars and islands in figure 2. The channel is mark-
7. Gann~tt, Henry, "Profiles of Rivers" U.S.G.S.; w.s.s. 
No. 44, p.72, 1901. 
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ed by broad gentle curves ... as the' ou·rrent swings against 
one bank or the other. 
Islands 
Two types of islands are found in Kansas river 
near Lawrence. The one about a mile north of town was 
Fig.2--View of Kansas river looking north from 
the foot of Ohio Street. 
ono art of the mainland and was formed when ice jam-
med the channel in 1910, causing water to b~ck up and 
over low to the south. A new channel was formed in 
this direction and the old channel to the north of the 
island was practically filled. Figure 3 shows the is-
19 
J..an as it appears from across the "new channel. 
The other type of island is similar to the sand 
bar in origin and ie characteristic of Kansas river. It 
is caused by the deposition of sand and silt, during 
periods of high water, in places out of the direct current 
of the stream or behind some obstruction. These are fre-
Fig. 3--View of island in Kansas river one mile 
north of Lawrence 
quently swept away during succeeding ~eriods of high 
wate hen the current shifts, but are sometimes left 
undisturbed until a thick growth of timber, usually cot-
tonwood, springs up and protects them. If the channel 
is clear such islands tend to creep down stream or to 
20 
~ne of the banks. The at+eam is / continually wearing 
the upper side of the island away and depositing material 
on the protected aide. Such an island existed a few 
years ago about a mile below the bridge, but has gradual-
ly moved down stream until at p~esent it is found almost 
Fig.4--Large ourve and island in the Kansas river 
above the dam. 
a mile below its original position. Figure 4 shows an 
island of this origin which has recently been formed 
just above the dam. 
An island in such a position as that shown in the 
above figure on the outside of a curve is unusual under 
natural conditions. Here, however, the current and de-
•' 21 
position is affected by the dam anu flume to the Bower-
sock Mill. The dam proper checks the water very little 
during flood times while the flume near the south bank 
is higher and a relatively greater check under such con-
ditions. The flood. waters headed for the dam create a 
line of friction with the slow moving water behind the 
flume along a line parallel to the shore and here the 
velocity of the stream is checked causing it to drop a 
portion of its load of sand and silt. Thus, the island 
has been built up from the point where the flume and 
dam meat, upstream, paralleling the shore for almost two 
hundred yards. 
Sandbars 
Very similar in origin to the islands of deposition 
are sand bars which form along the banks of the Kansas 
or on the protected sides of the islands. These are more 
numerous below the dam in this section where the water 
is not so deep. Considerable fine sand for construction 
work is obtained from them. 
Banks and Flood Plains 
The banks of Kansas river are sandy and caving and 
ver3 uneven as may be seen in figure 5. 
22 
The south bank . 
is higher in most places. Normally, good examples of 
lateral erosion are found on the outside of the curves 
where the stream swings against the bank and leaves a 
vertical cliff of variable height as in figure 6. In 
ig.5--~he "Kaw" looking east from Massachusetts 
bridge. 
this area, however, railroad tracks follow along both 
sides of the river and the banks have been jettied in 
most places to prevent such work. The jetties protect-
ing the Missouri Pacific tracks one mile north of Law-
rence are shown in figure 7. 
The soil of the Kansas river valley is very sandy, 
. ' 
Fig.6--Lateral erosion on Kansas river one mile 
northwest of Lawrence. 
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Fig.7--Jetties in the Kansas river along t h Union 
aoif c traoks due north of Lawrence. 
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especially northwest of Lawrence a few miles, where the· 
fine sand blows and drifts badly against the fences and 
shrubbery as may be seen in figure a. Farther east and 
on the south side of the river the soil is blacker and 
more of the true alluvium type. Part of the sand north 
Fig.8--Wind blown sand north of Kansas river which 
has lodged against a hedge fence. 
of the river has been carried from the sand bars in the 
"Kaw" by the prevailing south-westerly winds, and part 
of it is the sand of old stream channels which cross the 
area. 
Old River Channels 
Probably the most notable feature of the Kansas 
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river valley in the area i.s this chain of old river 
channels which may be seen nprth of the present river. 
These are from ten to twenty feet in depth and from two 
hundred to four hundred yards wide. One bank, either 
the north or the west, is very steep, while the other 
is a more gentle slope. The north bank of one of these 
Fig.9--0ld river channel northeast of Law-
rence. The steep bank is on the north. 
old river channels is shown in figure 9. Faint ter-
races exist at numerous places along the banks. The 
best defined channel and the deepest part is along the 
steeper bank. Several shallow lakes, one of which is 
shown in figure 10 are found in these. While these old 
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river beds are sometimes marshy during wet seasons, they 
are usually under cultivation and yield excellent crops. 
Effect of Flood of 1903. 
The flood of 1903 had a beneficial effect on the 
old river channel • Previous to that time, the soil in 
them was of the gumbo type, sour and too wet to culti-
vate. 8 The flood established better drainage in these 
old channels and left a deposit of from two to six feet 
Fig.10--Shallow lake in old river channel two 
miles northeast of Lawrence. 
of sand and silt which is very desirable for farming. 
a. Personal communication-from resident farmers. 
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Terraces 
Another feature of the Kansas river is the terraees 
which exist at places along the present channel. Good 
examples of these may be seen about two miles below Law-
rance where a well defined terrace exists on either side 
of the river. The best is the one on the north side of 
Fig.l[--Rlver terrace on north side of Kansas 
river one mile east of Lawrence. 
the river, shown in figure ll. These are composed of 
alluvium. Unlike those to the west which are approx! 
mately the same elevation, there is no fluvio-glacial 
material which can be seen on their surface. Since they 
I 
are nearly the same elevation as the banks of the nearby 
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old river channels, they are probably remnants of the 
old flood plain and hence, erosional in origin. Their 
elevation above the first flood plain of the river is 
Qetween five and ten feet. 
Sloughs 
At other places small sloughs are found on the 
flood plain near the present channel. These mark the 
courses of currents in the flood waters. 
Mud ·Creek 
The'principal creek which.enters the Kansas river 
and flows across the flood plains north of Lawrence is 
Mud oreek. This creek flows from the northwest through 
a narrow meandering channel cut deeply into the Kansas 
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Fig.12--Profile showing natural dikes of Mud creek 
and the drainage ditch which protects the lowlands. 
feet high have been thrown up on both sides of the stream. 
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Thus, there is a wide low.place between the stream and .· 
the hills to the north which would become swampy were it 
not for a drainage ditch which encir~les the foot of the 
hills and catches the water which flows from them. 
Sluice gates have been built at the mouths of all 
drainage ditches on Mud creek. These permit water to en-
ter the creek but check all back flow and thus, save the 
lowlands from excessive overflow. 
WAKARUSA CREEK 
Preliminary Statement 
Rivalling the Kansas river in the size of its val-
ley is Wakarusa creek which flows through the area. The 
Wakarusa rises in southwestern Shawnee county and flows 
due east past a point three miles south of Lawrence and 
· enters Kansas river a few miles down stream. 
The Basin 
The basin of the Wakarusa is approximately fifty 
miles long and from ten to fifteen miles wide. Like the 
other streams in this region, its channel is near its 
southern bluff line. The south bank is muon higher and 
often shows good exposures of ehale and sandstone as in 
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figure l3. The north ban~ and valley floor are composed 
wholly of black alluvium and gumbo. Unlike Kansas river, 
there are no sand deposits in its valley or in the pre-
sent stream bed exposed in this area. If any sand or 
gravel was ever deposited by the glaciers, it has been 
Fig.13--South bank 
of Wakarusa west of 
Louisiana street 
bridge. Weston shales 
are exposed. 
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completely buried by al.luvium as tne stream moved to the 
I . . 
south. No sand is being deposited at the present time 
because the Wak~rusa throughout its course flows mainly 
through shale and limestone formations. 
· History of Wakarusa Creek 
The development of Wakarusa creek is closely con-
nected with the history of glaciation and the Kansas 
river. 9 Both are responsible for the large valley 
through which the Wakarusa flows to-day. 
It is probable that the Wakarusa did not exist pre-
vious to the time of the Kansan ice sheet. In that case, 
this entire seotion of Kansas was drained by Kansas river 
and several tributaries which flowed along and across the 
present course of the Wakarusa. The ice sheet coming 
· from the north crossed the divide into Kansas river basin 
sending torrents of water through its channel and enlarg-
ing its valley to an enormous extent. Soon, however, the 
glacier reached the Kansas between Lake View and Wamego 
9. Todd, J.E., "History of Wakarusa Creek;;Kansas" 
Kansas Acad.Sci. Vol.23-24, pp.211-218, 1911. 
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and blocked it. 
~ j 
Water then backed up and overflowed the 
highlands to the south. At first numerous lakes dotted 
the front of the ice. Later, however, when the volume 
of water became great enough the lakes were joined and 
drainage was established.to the eastward. 
Hence, by using parts of valleys of tributary streams 
the Wakarusa was formed.. The entire drainage of :the ice 
_s·/wheet stretching from Montana to Kansas now flowed through 
the Wakarusa and the wide valley resulted. Then came the 
withdrawal of the ice and the Wakarusa was forced to de-
pend upon rainfall for its exi~tence. 
The retreating ice filled the Kansas river with flood 
waters and cut its valley much deeper. The result on the 
Wakarusa was that it tended to become a small intrenched 
stream. Thus, it is to-day, a small stream varying from 
20-50 feet wide, and intrenched from twenty to thirty feet 
below its flood plain as may be seen in figure 14. Its 
current is much swifter than that of Kansas river. 
While the stream itself is very small, averaging not 
over twenty or thirty feet in width, it is quickly affect-
ed by rains and soon fills its entire channel. It is sub-
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, 
ject to overflow during rainy seasons. The relatively · 
large size and depth of its channel is explained by the 
large amount of water whioh flows through it during 
flood times. The Wakarusa seems not to have moved to 
any great extent over its flood plains, and yet several 
Fig.14--Wakarusa creak south on Louisiana street 
road. 
large meanders are shown in its course. One exists due 
south of Haskell Institute campus and another just east 
of the road on Haskell Avenue. Lateral erosion is ac-
tive on the outside of the meanders. A good example of 
this may be seen in figure 15. 
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Natur~l,Levees 
Like Mud creek, the Wakarusa has built up natural 
levees along its banks. These were formed during flood 
times. As the flood water spread over the banks, its 
velocity and carrying power were lessened by the diminish-
ing depth of the water and by friction with the slow mov-
Fig.15--Lateral erosion on the Wakarusa east 
of Louisiana street bridge. 
ing back water. Consequently, its load was dropped and 
formed the low marginal ridges which are called, "natural 
levees." 
Due to the fact that the Wakarusa follows its south-
ern bluff line along most of its course, the levee on the 
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' south bank where it occurs is of little concern. To the 
north, however, the wide Wakarusa valley lies below the 
level of the levee. The levee prevents flood waters 
from returning quickly to the channel, and leaves a low 
stretch of land between the stream and the bluffs into 
which the hill water seeps causing many marshes. The 
Fig.16--Drainage ditch north of the Wakarusa 
one mile south of Lawrence. 
above condition has been bettered somewhat by the con-
struction of a drainage ditch ,as shown in figure 16, at 
the foot of the highlands to catch and divert the water 
which flows from them. Sluice gates have, also, been 
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oonstructed where all draa,nage ditches cross the levee: 
preventing any back-flow from the main stream into the 
lowlands. 
Tributaries to the Wakarusa 
The largest creek which enters Wakarusa is Coal 
creek which flows from the south past the western edge 
of Blue Mound and j.Oina the Wakarusa on the north. Like 
the Wakarusa, it has a very wide flood plain and is sim-
ilar in other respects. It flows against its eastern 
bluff line leaving its entire flood plain to the west. 
A very singular drainage feature occurs to the south 
of the Wakarusa and near the western edge of the area un-
der discussion. Two small creeks may be seen flowing 
through the same valley for over a mile before they enter 
the Wakarusa. One follows the eastern bluff while the 
other one is near the western edge of the valley. Through-
out this distance the two channels run almost parallel and 
make similar turns. Such a condition is favorable for 
stream piracy. If one would send a small tributary baok 
and tap the other channel, such would occur and subsequent 
drainage would follow the one ohannel. 
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Numerous other small, areekEf/drttin into the Wakarusa 
All have interesting features but are very similar. Most 
of them head a few miles back in the high escarpment 
caused by the Oread limestone. Here their beds are very . 
steep and narrow with V-shaped valleys. This portion of 
the valley ls youthful. Farther down stream all of these 
valleys reach a point where the gradient is greatly re-
duo ed; the valley begins to widen out and there is the 
beginning of a flo~d plain. Here the valley has reached 
maturity. Before reaching ·the mother channel the flood 
plains of these creeks are relatively wide. The larger 
streams flow through meandering channels and may be class-
ad as "o!l..d.n 
The area as a whole is well drained. Only in small 
portions of the valleys are there places which are marshy 
and too wet to be farmed profitablg.. 
UPLANDS TOPOGRAPHY 
General View 
Three sections of the area remain to be described. 
One consists of the uplands and mounds south of the Waka-
rusa; another the divide between the Kansas and the Waka-
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•' rusa; and lastly the low bluff line and the escarpment , 
north of Kansas river. 
The Area South of the Wakarusa 
That part of the .area lying south of the Wakarusa 
is quite varied in its topography. Four miles southeast 
of Lawrence is a prominent eliptical shaped mound shown 
Fig.17--Distant view of Blue Mound four miles 
southeast of Lawrence. 
Fig.18--View of Blue Mound across the flood . plain 
of Hock Creek. 
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in figures 17 and 18, Wgiph is called Blue Mound, and tp 
the southwest of town another flat topped mound with 
three prominent domes called the Three Sisters (figure 
18). The former reaches an elevation of 1,050 feet, 
while the latter is only 1,000 feet above sea level. 
Both are steep sided and slope down rapidly from their 
high points to an elevation one hundred and twenty to 
one hundred and fifty feet below. This is the general 
Fig.19 -Distant view of the Three Sisters. 
Four miles south of Lawrence. 
elevation of the uplands in this section and exists as 
a prominent bench around each of the mounds . This bench 
is shown clearly around the base of the Three Sisters in 
figure 19. 
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The , upland,s, and , benches are underlain by a heavy 
bed of sandstone. This sandstone causes a moderate 
escarpment along the valley of the Wakarusa and along 
the creeks which cross the area. The,uplands are· as a 
rule gently rolling and lie at an elevation from forty 
to eighty feet above the flood plain of Wakarusa creek. 
The second uplands are found immediately south of the 
area under discussion and are ~epresented by the two 
mounds in the area. 
The Divide Between the Wakarusa and the Kansas 
lUver 
The divide between Wakarusa creek and Kansas river 
is vary similar in topography to the area south of the 
Wakarusa. The second uplands are represented by Mount 
Oread upon which the University stands. To the north, 
south, and east and approximately one hundred and fifty 
feet below the Oread escarpment are the first uplands 
which are underlain by sandstone. The divide as a 
whole is pointed towards the east where the flood plains 
come together about four miles east of Lawrence. Since 
the formations dip to the west in this region, the gen-
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eral level of the uplands ·becomes g~adually lower in 
that direction. Small creeks cut into the edges of the 
divide on all sides. 
Uplands North of Kansas River 
In the eastern part of the area, north of Kansas 
river, the same general conditions exist as between the 
Fig.20--T~e flood plain and Oread escarpment 
north of Kansas river. Northwest of Lawrence. 
akarusa and the "Kaw" and south of the Wakarusa. To 
the west, however, the flood plains reach to the foot 
of the second uplands or to the Oread limestone escarp-
ent, as may be seen in figure 20. The topography of 
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a.11 of the area north_ of Lawrenc·a~ ha's been modified by 
the action of glaciers. All of the creeks are wider. 
~he hills are more rounded and are covered with a thin 
mantle of fluvio-glacial drift. In some places the 
first uplands have been covered with wind blown sand 
and silt which has been carried from the river valley. 
Summarizing, the principal features in the topog-
raphy of t~e Lawrence area are: 
1. The Drainage System including 
(a) The Kansas river with its wide flood plains 
and old. ri var channels. 
(b) Wakarusa creek with a valley nearly equaling 
that of Kansas river and its natural levees. 
(c) The creeks ranging in age from young to old 
which drain the uplands and flow into the 
Wakarusa and Kansas river. 
2. The upland.a (a) south of Wakarusa creek (b) between 
the Wakarusa and Kansas river, and (c) north of Kan-
sas river, all with the exception of one area to the 
northwest having a "first uplands" rolling in nature 
ca.used by a heavy bed of sandstone and a "second up-
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land" flat topped and. capped witJ1 Otead limestone. 
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The interesting details in regard. to the topography 
are: 
(a) Special features such as the high mounds; the 
natural levees, old river channels, sand dunes eta. 
(b) The mod.ifications of the preexisting topography 
due to glaciers, wind blown sand eta. 
CHAPTER 4--STRATIGRAPHY OF THE LAWRENCE AREA 
Structural Relations 
Kansas lies in the area of the Great Plains coun-
try. The formations which are seen at the surface are 
relatively flat lying and undisturbed within the state. 
To the east, however, the Ozark uplift has tilted the 
rocks up so that in eastern Kansas they dip slightly to 
the west. To the west, the Rocky Mountains have like-
wise tilted the strata so that in western Kansas the 
formations dip to the east. Structurally~ then, Kansas 
lies in a great syncline with the lowest part. near the 
center of the state. 
Effect on Topography 
The surface is further affected by these two great 
uplifts. The Ozark uplift occurred much earlier than 
that of the Rocky Mountain, hence, erosion has been ac-
tive longer and wider stretches of the -Old.er formations 
are exposed. As one goes westward from the main up~iftt 
one passes successively from older to younger formations. 
·(44) 
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Since the surface in Kansas riEfes t'owards the Rocky 
Mountains, and the formations dip gently to the west-
ward, each formation capped by a hard strata forms a 
table-land with a rugged eastward facing escarpment. 
The best example of such in the Lawrence area as well 
as in eastern Kansas is the Oread limestone which caps 
the Lawrence shales and. makes the .Prominent escarpment 
west of the town of Lawrence. 
Age and Classes of Rooks 
The stratified rocks in this area are Pennsylvan-
ian in age. They are composed of alternating limestone 
and shales with the shales largely predominating. Sev-
eral large beds of sandstone, also, are found in the 
section. The other rocks, much younger in age, are the 
river alluvium and sand deposits, ~nd glacial ~d~ift,in­
cluding till, erratics an~ fluvio-glacial deposits. 
The Pennsylvanian Series 
The Pennsylvanian rocks in Kansas are divided as 
follows: 10 
10. Moore, Raymond c., "Geology of Kansas" State Geol-
ogical Survey of Kansa~, Bull.6,Part 2, p.18,1920. 
Divisions of the Pennsylvanian~Rocks of Kansas 
Missouri Group 
Des Moines Group 
Wabaunsee formation 
Shawnee n 
Douglas n ./ 
Lansing n 
Kansas City " 
Marmaton formation 
.Cherokee share 
The Douglas Formation 
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The Douglas formation, the principal division which 
is exP.osed in this area is further subdivided into the 





The Kanwaka shale, the lowest member of the Shawnee 
formation is exposed in small patches above the Oread 
limestone escarpment. , 
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The Weston Shale 
The Weston shale, the lowest member of the Douglas 
formation, outcrops in the first uplands and the low 
rounded knolls in the area. To the north of Kansas 
river, however, it is covered with sand and silt so 
that its presence is determined only from the relief 
of the region and the sandy nature of ·the soil. To 
the east, the Weston shale rmses higher above the flood 
plains and may be seen in numerous cuts. 
Between the Wakarusa and Kansas river the Weston 
shale is exposed below the limestone which outcrops in 
eastern Lawrence and near the southeastern corner of 
Wood.land cemetery. South of the Wakarusa, the Weston 
shale outcrops around.the base of Blue Mound and to the 
east. 
This member is approximately one hundred feet thick 
and is composed of clayey and. sandy shale with several 
rather extensiv1e beds of pure sandstone. One bed of 
sandstone occurs near the base of the member and forms 
a prominent outcrop along the banks of the Wakarusa 
three miles east and two miles south of Lawrence. This 
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bed. hown in figure 21, ,i appr.oxi'mately fifteen feet n 
thick and i oompo ed of fine grained,buff colored sand-
ton • It i massively bedded n ar th base and gradually 
beoom s thinner bedded near the top. Ripple marks,cross-
bedding and other ehore-lin oharaoteristioa are promi-
nent in some localities. Like moat sandstone members , 
this b d ohangea rapidly in its characteristics within 
Fig. 21 Ba al sandstone in Yeaton shales along the 
~akaruaa ix miles southeast of Lawrence 
a short distanc • The o ntral part of the Weston shal 
memb r 1 compo ed of buff colored and blui h grey shale. 
Another promin nt andstone bed occurs near the top 
of the memb r. It m y b tudied at numerous plao 
49 
south of the Wakarusa in xpo~ures similar to that in 
figure 22, nd also east of Lawrence, as shown in figure 
23 of the outorop in the road southeast of Haskell Insti-
tute. Like th lower sandstone, this one is massively 
bedd d in part. It i usually light buff in color but 
Fig.22. Exposure of 
sandstone in upp r 
part of Weston shales. 
West of Blue Mound. 
occaasionally contains bluish-grey layers and sometime 
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dark red bed • In om place thin iayera of sandstone 
have b n cemented with silica nd ar very hard and 
blue with a charaoteriatio oonohoidal fraotur • In 
other places the sandstone contains local deposits of 
Fig. 23. Exposure of sandstone in the upper part 
of th Weston shal a e st of Haskell Institute. 
carbonate of lime. The sandstone in these places con-
tain numarou invertebrat fossils . One such locality 
occurs fiv mile due south of the University near the 
southeastern corner of eotion 24. 
To th southeast around Blue Mound, and east and 
north aat of La renc , this upper sandstone contains 
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numerous ferns and other plant fossils. 
Several carbonaceous layers occur in the Weston 
ehal s as shown in figure 24. A bed of coal from fif-
teen to eighteen inches thick was mined near Blu Mound 
years ago. 11 Thie vein occurs approximately forty feet 
below the top of the Weston shales. 
Fig.24--Exposure of carbonaceous layer in the 
leston hales near cemetery. East of Lawrenc • 
Thin local limestones are also found interbedded 
in the shal at some places. 
11. Haworth, Era mus, "Th Col Fields of Kansas",Kansas 
University Geological Surv y, Vol.l; pp.218-220;p.225. 
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A detailed section of the upp~~ part of the Weston ... ( 
























Iatan ls. hard,compact,blue lime-
stone. Very hard,fossiliferous. Fos-
sil forms filled with calcite. 
Sandy shale near bottom grading into 
thin bedded flinty limestone near 
top. 
Bluish grey shale near bottom. Sandy 
shale bluish grey with buff colored 
streaks in upper part. Near top are 
fonD:d septaria which are cracked and 
the.cracks filled with calcite. 
Black carbonaceous shale. Resembles 
mass of black decomposed leaves and 
roots. 
I 
Argillaceous shale. Yellowish grey. 
Sandstone. Very thin bedded, fine 
grained. 
Heavy massive sandstone bed. Very 
, No. Ft. Total 
2. 5. 27.7 




fine grained. Light greyish and 
bui6 in color. 
Grey and yellow shale. Slightly 
sandy. 
Arenaceous shale. More arenaceous 
in upper part. Thin bedded. Streak-
ed with brown sandstone layers. 
Bluish grey to buff concretion of 
red and yellow ochre near top. 
' Another section which include$ beds ti) and (2) of 
the foregoing and some beds below was measured pn ·the 
Wakarusa just west of the bridge on the Louisiana street 
road. It is as follows: 
~o •. .r Ft. Total Description 
10. a. 8. Massive, buff colored, fine grained 
sandstone • 
9• 10. 18. . ;Soft , buff colored sandstona,very 
shaly. 






















Light buff arenaceous shale. 
Greyish buff sandstone. 
Reddish sandstone layer. 
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Thin bedded, greyish yellow sand-
stone. 
Black shale. 
Buff colored thin bedded sandstone. 
]'ine grained light buff c olo:red 
sandstone. Thin bedd.ed. 
The sand.stone in the Weston shales are important for 
their abundance of excellent water. 
The Iatan Limestone 
The Iatan limestone which caps the Weston shale 
member is often confused with thin local limestones 
both above and below. In the area around Lawrence the 
Iatan may be studied in the eastern edge of town, near 
the southeastern edge of Woodland ·cemetery and at many 
places south of the Wakarusa. The best exposures occur 
around the base of Blue Mound. The Iatan limestone is-
usually found capping the first uplands in this area. 
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The type exposure of the Iatan limestone is found 
near Iatan, Platte County, Missouri, from which pl ca 
it get its name. In Leavenworth County and to the north 
it is reported as attaining a thickness of fifteen feet 
or more. In Douglas County and south to the southern 
edge of the state, its maximum thickness is only a mat-
Fig.25--Exposure of 
the Iatan limestone 
near cemetery east 
of Lawrence. 
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it er of a few feet. · · Near Lawrence it ranges from eight-
een· inches to two'- feet and six inches where it was meas-
ured near Woodland cemetery. This exposure is shown in 
figure 25, 
The Iatan is an extremely hard bluish grey limestone, 
containing in places numerous Fusulina. It sometimes 
weathers into large blocks and sometimes into two or three 
layers. One of its chief characteristics is that its 
fossil shells have been replaced with crystalline calcite. 
These often stand out on the weathered surface of the 
limestone. 
The Lawrence Shales 
The Lawrence shales are approximately one hundred 
and fifty feet thick in their type locality near Law-. 
renoe. They occupy the face of the escarpment caused by 
the overlying Oread limestone. This member is composed 
of clayey and sandy shale with occasionally a thin lime-
stone of only local extent. Near the base, the member 
is quite sandy and sometimes contains a massive bed of 
sandstone from ten to twenty feet thick. In their un-
12.Moore, Raymond c. H.nd Haynes, Winthrop l?., 11 0il and Gas Re-
sources of Kansas" St.Geol.Sur. of Kans. Bull,3;p.101,1917. , . 
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1weathered condition the shales are bluish in color but · 
weather to a deep buff. The sandstone near the base of 
the member is water bearing. A thin bed of coal has 
been mined from the Lawrence shales in Douglas County (?) 
The Oread Limestone 
. The Oread limestone occupies the top of the high 
Fig.26--Exposure of 
Oread limestone in 
out on Fort to Fort 
Highway in West Law-
renc a. 
(a) Middle Oread 
(b) Carbonaceous shale 
(o) Buff colored shale 
(d) Upper Oread. 
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1 eaoarpment north, aouth ... and west ol ... Lawrenae. The mem.:. 
bar is composed of three limestones-separated by shale, 
the upper and lower ones being much thicker than the 
middle member. The lower bed of limestone lies on the 
top of Blue Mound, causing that prominent feature of 
the topography. It is believed, howevert that there is 
no Ore ad lililestone on the Three Sisters t .} in· place, with 
the exception of broken remnants. The Oread limestone is 







A typical section of the Oread limestone is as fol-
Section of Oread Limestone on Fort to Fort Highway 





Total Name Description 









sembling slate. Numerous 
small black mud ooncre-
;No. Ft. Total Name 
. 3. 1.7 17.6 Middle Oread 
2. 11.8 29.4 Shale 








Upper half buff ,massive 
limestone. Many Fusu-
lina. Cherty in upper 
part. Lower 5 1 chalky 
White in unweathered 
condition; weathers to 
light buff. 
All members of the Oread limestone are suitable for 
construction work and are quarried to a considerable ex-
tent. Quarries in the lower member are shown in figures 
27 and 28, while figure 29 shows an exposure of the up-
per member in quarry six miles northeast of town. 
Shawnee ]'ormation 
Kanwaka Shales 
Only small patches of the Kanwaka shales, the lowest 
member of the Shawnee f·ormation, are exposed in the 
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Fig.27--Exposure of the Lower Oread in West Law-
rence. Note the white color of the lower 5' and 
the dark buff color of the upper half. 
Figure 28--Exposure of LoNer Oread in West 
Lawrence. 
61 
Fig.29--Ex:posure of Upper Oread on limestone 




,boundaries o~ this repor.t. ,." ·:-· 1.i ~ These occur above the 
Oread limestone escarpment. West of Lawrence, this 
shale member is exposed quite extensively and attains a 
thickness of approximately 100: feat. The shales are 
very clayey and a light buff in color. 
Quaternary Deposits 
The quaternary deposits in this area include the 
glacial drift which is found extensively,:;.ancFthe,r1ver 
e.11uv1um and, sand deposits of relatively recent origin. 
The glacial deposits consist of till, fluvio-
glacial drift, and boulder erratics deposited beneath 
or along the front of the ice. ~hese are discussed more 
' !tt fully in the following chapter on the Pleistocene in the 
Lawrence Area." 
The river deposits are very important in the vicin-
ity of Lawrence because such a large proportion of the 
area lies in the river and·creek valleys. The wealth 
of the area is due to the rich farm lands found in Kan-
sas river valley and in Wakarusa valley. Minor deposits 
of alluvium are found in all of the creeks. The deposits 
in the main consist of sandy alluvium, sand and gravel, 
and gumbo. These are described in detail in the dis-
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, cussion on the Kansas _ri~er and. Wakarusa creek and un-' 
der the heading "Soils". 
CONDITIONS OF SEDIMENTATION 
Sedimentary rooks are those composed of transport-
ed ~ragments or particles of older rooks which have un-
.. ~: .... 
dergone disintegration. The principal agents of trans-
portation are wind, water and glaciers. Water is the 
most important since it is active as ra~n, in streams, 
and in the oceans. Sedimentary rooks may be either 
marine or non-marine in origin. 
All of the general classes of sedimentary rooks 
are represented in the Lawrence area. ~hese comprise 
the muds, clays, shales, limestones and sandstone. Of 
these the muds, clays and shales may be classed together 
since they are so closely related. Mud is the finer 
products of erosion, often earthy in character, which 
has been deposited in water and may be either continen-
tal or marine. ·Clay is composed of the same material 
which has been compacted. Shale is clay which has become 
more compact and more or lees fissile or laminated. When 
subjected to intense pressure_shale becomes slate, its 
65 
;metamorphic equivalent._i, .. *'!". 
Limestone, the seaond class of sedimentary rocks 
is usually of organic origin. When formed organically, 
it is composed of tests and shells of marine inverte-
brates. Its deposition occurs in the seas when condi-
tions are favorable for the growth of marine animals 
and when the seas are relatively clear. Muddy water re-
sults in impure limestone or clay partings within the 
limestone. 
Sandstone is sand which has been cemented and com-
pacted into a firm rock. The sand grains are the re-
sult of the decomposition and the breaking up of the 
igneous rocks and are composed. principally of quartz. 
Sand differs from gravel in the size of the grains and in 
being composed mostly of quartz. The principal cements 
in sandstone are iron oxide, calcium carbonate, and silica. 
When metamorphosed by heat and pressure, sandstone be-
. . . 
comes quartzite. 
The rocks exposed in the Douglas formation represent 
widely different conditions of sedimentation •. Quick 
changes in deposition are shown by the succession of 
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1 strata which are expo_sedt in the··~a.rea. Limestones of 
marine origin and sandstones and shales of both marine 
and non-marine origin alternate with one another in the 
geologic column. 
Immediately below the Weston shales occurs the 
Stanton limestone. This limestone is approximately 
sixty feet thick and. represents a long period of sub-
mergence when conditions were favorable for the growth 
of marine animal life, the tests and shells of which go 
to make-up limestone· 
Immediately following this, the Weston shales were 
., 
deposited under entirely different conditions. The 
basal sandstone of this member is cross bedded, ripple 
marked, and has other shore line characteristics. It 
is fine grained and indicates that the neighboring land 
was not of great relief and that the streams which de-
posited this sand were sluggish and meandering. 
Following this, a long period ensued when mud was 
deposited and shale formed. During this time, inter-
mittent submergences brought the land below the sea and 
initiated the deposition of limestone. Thus, t . .he for-
mations laid down in this perfOd consist of blue and 
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1 yellow shales with seve-r.al thin:.-toc,.al limestones. Nearl 
the top of the shales are found several carbonaceous 
layers, among them an eighteen inch vein of coal,which 
indicates1 swampy or other similar conditions favorable 
for the growth of coal forming vegetation existed at 
the time of deposition. 
Finally, in a recurrence of earlier conditions, 
fine grained sandstone was deposited tow.ards the close 
of the Weston shale period. Evidence of near shore 
conditions of deposition at this time is shown in the 
numerous plant and marine fossils found closely asso-
ciated in the upper sandstone. 
The Iatan limestone just above the Weston shales 
represents an incursion of the sea when conditions over 
a wide spread area were favorable for the deposition of 
13 limestone. 
The Lawrence shales indicate the possible driving 
back of marine waters and the deposition of mud under 
non-marine conditions. The shales, however, in the low-
er few inches are not without indications of the struggle · 
13. Twenhofel, W.H.,and Dunbar, Carl O.,"Nodules with 
Fishes from the Coal Measu-res of Kansas",Am.Jour.Sci., 
Vol.38, p.163, Aug.1914. 
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between marine and non-~§.rine de'poattion. Vertebrate , 
J ; 
14 fossils are found in these lower shales. 
Like the Weston shales a prominent sandstone bed 
! 
is found in the basal part of the .member~ ~he main 
part of the shales are sandy and contain characteristics 
indicating near-shore deposition. A thin vein.of coal 
fifty feet below the top of the .. member. represents 
swampy conditions, while maroon colored streaks in the 
shales show that the opposite or arid co~ditions exist-
ed for short periods. Thin, local limestones indicate 
temporary submergences of the land. As a whole, the 
Lawrence shale member indicates a wide variety of condi-
tions 0£ deposition. 
A long period of submergence caused the deposition 
of the Oread limestone. During this time conditions 
were favorable for the growth of marine invertebrates as 
is showm by the numerous fossils in the :limestone. Twice 
the deposition of the limestone was. interrupted causing 
the Oread to be divided by shale into three members. 
14. Twenhofel, W.H. and Dunbar, Carl.O, "Nodules with 
Fishes from the Coal Measures of Kansas",-Am.Jour.Sci., 
Vol.38,pp.159-160,Aug.1914. 
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1The lower shale parti-ng is buff colcG:·ed while the upper1 
one is black and carbonaceous in part. 
Buff colored Kanwaka shale overlies the Oread lime-
stone. Streams were again depositing mud. and silt in 
the area. Thus, it may be seen that conditions of sedi-
mentation were not only changing for each member of the 
formations exposed in the area, but were c~ntinually be-
ing interrupted and changed during the deposition of 
each member. 
PALEONTOLOGY 
The fossils of the Douglas formation are not unlike 
those of the underlying Lansing formation. 15 At the 
base of the latter, however, many new species of inver-
teb:rate fossils are introduced, which are not found 
earlier and are found throughout both of these divisions 
of the Pennsylvanian. In both the Lansing and the Doug-
las, many of the older species were becoming extinct while 
in the Shawnee formation which followed there was an ap-
parent lull in the extinction of any species. 
25. Moore, Raymond C~-, "Geology of Kansas", State Geologi-
cal Survey of Kansas, Bull.6,Part 2, p.40,1920. 
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-Both the Iatan and the Oread lt°mestones are rich 1 
in invertebrate fossils, while the Weston, Lawrence, and 
Kanwaka shales are relatively barren. 
The Iatan Limestone 
Two new .species appear for the first time in the 
Iatan limestone~6 These are: 
• Limopteria marian White 
Fenestella shumardi Prout? 
Ten species, all Pelecypods but one, are peculiar 
to the Iatan. The most important species are: 
time; 
Limopteria longispina Cox 
Pteria longa Gein. 
Pteria suloata Gain 
Schizodus oompressus Rogers 
Some seven or eight species appear for tpe last 
The most abundant species is Productus pertenuis. 



























i.'Pteria longa and P. sulcata 
·schizodus compressus 
17. Beede,J.W. and Rogers, A.F., !oc.cit.p.328. 
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The Or~ad Limestone '-·1 -
Seven speci~s of inyertebrate fossils are peculiar 
to the Oread limestonet8 These are as follows: 
Orthonema salter! (M and W) 
Pinnatopora ptilaporoidea Rogers 
Polypora missouriensis Rogers·? 
Polypora spinulifera Ulr? 
Chaenocardia ovata (M and W) 
Derbya broadheadi (H and C) 
Twenty species disappear. 19 The principal ones being: 
Cypridella americana Rogers 
Rhombocladia delicata Rogers 
Proboscidella sp. 
Amblysiphonella sp. 
Limopteria longispina Cox 
Aulopora prosseri Beede 
Euconospira missouriensis Swallow 
Ephippoceras ferratus Cox 
Domatoceras lasallense (M and. W) 
Fenestella perelegans Rogers ., 
18 and 19. Beede,J.W. and Rogers,A.F. loc.oit.pp.344-345. 
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CeriooDinus missouriensis (M and G) 
Thamnisous tenuiramus Rogers 
Fenestella kansaeensis Rogers 
The most abundant species in the Oread limestone is 
Productus aora. Other fossils moderately abundant are 
































!11he Weston shales contain fossils of both marine 
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invertebrates and non-marine plants. Both are found in 
the sandstone near the top of the member. 
The imvertebrates are not found generally through~ 
out the area where the sandstone is exposed, but occur 
only in small areas. One such place occurs five miles 
due south of the university near the southeastern corner 
of section 24. Here the fossils are exceedingly numerous 
,and well preserved. ~he ,principal species are those 
found in the nearby Iatan limestone. 
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Plant fossils are foµnd in the sandstone where it 
is exposed around the edge of Blue Mound and northward 
across the Wakarusa along the low bluff-line. The prin-
cipal species ·are ferns. A fossil seed? was picked up 
by .. the writer near the center of the south line of sec-
tion (9) three miles southeast of Lawrence. This spe-
cimen r.esembles a nut-meg, but is much larger. 
Lawrence Shales 
In general, the Lawrence shales are barren of fos-
sils. Near Oak Hill cemetery, however, east of Lawrence 
is an area where the lower few inches of shales contain 
21 numerous nodules with fossil fishes in their centers. 
This fossiliferous strata is a yellowish-grey shale ap-
proximately two inches thick lying just above the Iatan 
limestone. 
The nodules are greyish in color, are composed of 
silica and lime and have granular surfaces. They are 
usually oblong, some two inches in length, with the di-
21. Twenhofel,W.H. and Dunbar, Carl O.,"Nodules with 
Fishes from the Coal Measures of Kansas",Am.Jour.Eci., 
Vol.38, pp.157-163;Aug.l914. 
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1ameter varyffing from thre-s quarter/ihches to one and one~ 
quarter inches. As many as on~ dozen of these nodules 
are found in one square foot of the shale. 
The fossils in the nodules are chiefly vertebfates 
and are composed of skulls, bones and spines of fishes. 
Several well preserved brains were also found in the 
nodules. 
CHAPTER 5-THE PLEISTOCENE IN THE LAWRENCE AREA 
Introduction 
As previously indicated, all of the topography of 
the area surrounding Lawrence cannot be accounted for 
by those agents of erosion active in the region to-day. 
The, Wakarusa valley is much broader than seems reason-
able from the present size of the strea~. Even the Kan-
sas valley seems to be slightly overgrown. The hills 
to the north of Kansas river are rounded and are covered 
by a material part of which is foreign to the native 
rocks of the region. At other places in the area are 
boulders unlike the underlying rooks. The conclusion is 
that such rocks have been brought in from some distant 
source, and that the same agents which transported them 
I 
modified the preexisting topography. Such has been the 
work of the glaciers. 
The Glacial History of North .America 
~he glacial history of North America is one of al-
ternate advances and withdrawals of the ice sheets. The 
advances are represente<l:__by glacial deposits which were 
(77) 
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1 carried out by the iee and dep·oslted1 · as till or drift.· 
The withdrawal of the ice or the inter-glacial epochs 
are marked by deposits of peat, soil etc. Further evi~ 
dance of the inter-glacial epochs is (1) the unconform-
ity between the drift of one epoch and that of the fol-
lowing, and (2) eviaence that one drift was leached and 
weathered before the deposition of the next. 
1 Six advances of the ice are recognized in the in-
-·-·-~ .. ____ _ 
terior of North America. 22 These together with the in-
tar-glacial intervals and two sub-stages, numbered in 
the order of their age, are as follows: 
13. The Uhamplain Sub-stage (Marine) 
12. 11he ~laoio-lacustrine sub-stage. 
11. The Later Wisconsin, the sixth advance. 
10. The Fifth interval of aeg1ac1ation (unnamed) 
9. The Earlier Wisconsin, the fifth invasion. 
8. The Peorian, the fourth inter-glacial interval. 
'l. The Iowan, the fourth invasion. 
6. The Sangamon, the third inter-glacial interval. 
5. ~lhe Illinoian, the third invasion. 
4. The Yarmouth or Buchanan,second inter-glacial 
22. Chamberlin and Salisbury,"Earth History"Vol.3,p.383. 
interval. ·-
3. The Kansas or second invasion of the ice. 
2. The Aftonian, the first known inter-glacial 
interval. 
• 1. The Sub-Aftonien or Jerseyan, the earliest 
known invasion of the ice. 
It is believed that the later st~ges in general 
0 
were much shorter than the earlier ones. 23 Thus, the 
above list of invasions and withdrawals of the ice are 
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numbered with the longer stages at the bottom. Of 
these, the Kansan or second invasion of the ice is prob-
ably the only one which reached Kansas. 
The principal ice sheets moved in all directions 
from three great centers in Canada namely, (1) Labrador, 
east of Hudson Bay; (2) Keewatin, west of Hudson Bay; 
and (3) the Cordilleran region of British Columbia. As 
near as can be ascertained, the ice which affected 
northeastern Kansas and the area around Lawrence came 
from the central ice zone. This has been determined by 
tracing the drift back to its source towards this center 
23. Chamberlin and Salisbury, loc.cit.p.383. 
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I and by noting the direc..tion of movement Of the ice as 1 
shown in the striae on the underlying rocks. 
The cause of the ice sheets is more or less a mat-
ter of conjecture. Because of their tremendous size, 
however, .it is certain that they were not the result of 
coalescing of mounts.in glaciers alone,.but resulted,al-
so, from thick accumulations of snow over a long period 
of time which did not melt, due to the cold climate. 
It is estimated that ice accumulated in the three great 
centers to a depth of several miles. 
The Kansan Ice Sheet 
The .greatest distance which any of the ice sheets 
moved from their sources was fiften hundred miles when 
the ice moved from the.Keewatin center to Kansas during 
24 the Kansan advance. Roughly, the western limit of 
the Kanaan ice sheet is as follows: 25 Through the east-
ern edge of the Dakotas, and southwestward across Ne-
braska into Kansas slightly west of the Big Blue river. 
From thence, the limit of the drift may roughly be 
bounded by the Blue river on the west, and the Kansas 
river on the south. 
24 and 25. Todd.J.E.,"Drainage of the Kansan Ice Sheet", 
Kansas Acad.Sci.,Vol.22,pp.107-112,1909. 
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Effect on Kansas · I .-·f ;/--
Due to the fact that probably the Kansan ice sheet 
is the only one which reached Kansas and that such a . 
long period of time has elapsed since then, Kansas shows 
few of the effects of glaciation. If the ice left a 
surface dotted with lakes and swamps and poorly drained, 
normal erosion has had time to repair the damage. If a 
/} 
thick coating of drift covered the area, erosion has al- I 
most completely laid bare the native rooks with the.ex-
ception of small areas. 
The topography of northeastern Kansas, .in general, 
is not typical of a glaciated region, but is the result 
of normal erosion on alternate layers of hard and soft 
rocks. Only faint evidences of glaciation may be seen 
in the rounded hills and widened valleys. The clearest 
proof that glaciers cover.ed the northeastern corner of 
Kansas is shown in drift, till, and boulders which were 
I 
carried from the north and dropped as far south as the 
limits of the ice, roughly outlined above~ 
Effect on the Lawrence Area 
The effects of the ice sheet on the. area surround-
ing Lawrence are de.Jinite but with the exception of the 
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I 
. uplands--·topography are not due so mul{h to the ice itself 
as to the water which flowed from it. 
The first uplands north of Kansas river exhibit a 
topography somewhat characteristic of a glaci~ted area. 
The hills are rounded and the valleys wide and aggraded 
to a great extent. Many of the valleys and such erosional 
features seem not to have any place in the present system 
of drainage. Some of the ridges are characteristically 
oblong in shape. The most characteristic one exists in 
section 10, Twp.12, south,R 20 east, three miles east of 
the university and four and one-half miles north. The 
longest axis of this ridge runs north and south and is 
nearly a quarter of a mile long, while it is only approxi-
mately one hundred yards wide. The ridge is covered with 
many different kinds of boulders. Many other ridges and 
hills shaped by the ice exist both to the east and west 
of the one in section 10. 
The effect of the ice on the valleys of Kansas river 
and Wakarusa creek has already been mentioned. The Waka-
rusa valley particularly is unusually wide considering 
the present size of the stream. The stream originated dur-
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ing glacial times from 1;he channa·f ant by the flood 
waters around the front of the ice. The size of its 
valley is due directly to the vast amount of water which 
flowed through it during this period. 
Not all ~.~:the work of the Kansan ice sheet consist-
r' 
ed in cutting wide river valleys and in otherwise eroding 
the surface. Many deposits were laid down during the per-
iod. Those in the vicinity of Lawrance consist of ~!!~, 
fluvio-glacial drift, and many glacial boulders. 
Glacial Deposits 
While glacial deposits are found scattered generally 
throughout the area, most of them seem to be arranged in 
definite terraces or patches according to elevation.· 
The highest of these occurs at an elevation between 
one thousand feet and one thousand and fifty feet. South 
of the Wakarusa, it is represented by boulders on the top 
• 
of the hill called, Three Sister~, and a line of boulders 
around the edge of Blue Mound. Between the Wakarusa and 
the "Kawn numerous boulders are found on Mount O:tead and 
the escarpment to the west. North of the Kansas river, 
gravel, boulders and clay of glacial origin cover the 
hills in the Oread escarpment to an elevation of one thous-
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and and fifty feet.... The deposi ts-'he~e resemble till 
somewhat, but are weathered to such an. extent as to make 
identification uncertain.· 
Another bouldery veneer at a lower elevation covers 
th~ top of a long mound., trending east and west, one mile 
northeast of the Three Sisters. 
This mound resembles a moraine so much in appearance 
26 that it has been referred to as such. However, there is 
no till underneath the boulders and it probably represents 
deposits in the channel of the glacial stream. Its eleva-
tion is· between nine hundred and thirty and nine hundred 
and fifty feet above sea level. 
The boulders found on the mound in section ten north-
east of Lawrence occur at about the same elevation as the 
above. While no till is r~cognized in either d.eposi t, it 
might easily have existed at one time and been washed a-
way. 
Beneath the boulders, south of the Wakarusa from 
twenty to forty feet is found gravel, sand and clay resem-
bling till. The best occurrences may be seen on the hills 
near the center of the south lines of sections nineteen 
26. Hay,Robert, "Characteristics of the Glaciated Area 
of Northern Kansas", Kans.Acad.Sci.,Vol.13,pp.104-106. 
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and twenty; Twp., thirteen sa>uth, R 2·0 east, and in hills 1 
farther to the south at about the same elevation. It is 
elieved that these deposits represent till in a badly 
27 weathered condition. 
The lowest boulder terrace, as well as the lowest 
~ deposit of till in the area, may be seen on the low as-
Fig.30-Bouldery terrace southeast of Haskell 
Institute. 
oarpment southeast of Haskell Institute. As shown in 
the accompanying picture, figure 30, the boulders are ex-
ceedingly numerous and some are very large. The largest 
lies on the side of what is called Violet Hill one-half 
mile east of Haskell Institute. It is composed of red-
d sh granit and i approximately seven feet in diameter. 
27. Personal communication from Dr. W.H. S~hoewe. 
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The general elevation of this liri~ of-boulders is be-
tween eight hundred and fifty and eight hundred and sixty 
feet. 
Associated with the boulders are deposits of till 
composed of sand, gravel and clay. These may be seen at 
many places where the boulders are in evidence. No de-
posits are found in the Wakarusa valley or to the south 
at this low elevation because the Wakarusa has worked 
over· and covered up all deposits as it has moved its 
channel in this direction. 
A similar line of drift occurs along the edge of 
the first uplands north of the Kansas river. The best ex-
posure may be seen in the ro~d just below the school house 
near the southeastern corner of section eight, Twp.12, 
south, R. 20 east. This deposit is coll!Posed of sand, gra-
vel and a small percentage of clay. Faint stratification· 
is shown in some places, but in most places the deposit is 
so badly weathered and covered that it is studied with 
difficulty. Its elevation is between eight hundred and 
fifty and eight hundred and seventy feet above sea level 
or at about the same elevation as the lowest bouldery ter-
race and till southeast of Haskell Institute. In its 
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1 weathered condition the d1eposi t r 'esembles till but be-
cause of its stratification in freshly exposed cuts, the 
deposit must have been laid down, in part, either in a 
glacial lake or in a stream which flowed from the ice. 
The best ex mple of a fluvio-glacial deposit occurs 
at the Lawrence brick plant where the excavation as shown 
Fig.31.-Excavation at Lawrence Brick Plant. 
(a) Fluvio-glacial deposit; lb) bluish shale. 
in figure 31 has e posed bet een six and eight feet of 
gr val, sand and clay. The gravel is composed of quartz-
ite, granite, feldspar, and green stone. All carbonate 
of lime o~ n tive limestone has been leached from the bed. 
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~ few large boulders, som'e two feet in diameter are 
found in this deposit. This drift lies fifty feet above 
the Kansas river or about the same elevation as the low-
er boulders to the south. From its stratified condition, 
it appears to have been deposited by a glacial stream. 
Summary 
area are as follows: 
1. ~he highest line of boulders and drift on 
Three Sister, Blue 'Mound and on the Oread escarpment to 
the west and north at an elevation between 1000 and 1050 
feet. 
2. Boulder covered mounds, one northeast of 
Three Sisters and another northeast of Lawrence in section 
10. Elevation 930-960 feet. 
3. Deposits of till.at an elevation between 900-
. \.. .. --/ 
920 south of the Walcarusa along the centers of the sou.th 
lines of sections nineteen and twenty. 
4. Till and drift at an elevation between 850-
870 feet as follows: 
l. Boulders and.~111 on low escarpment 
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Qoutheast of Haskel! Institute. ~f 
2. Drift at foot of first uplands north 
of the Kansas river. 
3·. Fluvio-glacia.l drift at Lawrence brick 
plant. 
Erosional History 
The topography of parts of the area and the deposits 
of drift and till are strongly suggestive of the erosion-
al history of the glaciers. From the highest bouldery 
patches it is certain that pre-glacial drainage was ap-
proximately one hundred and seventy feet higher than at 
present and that the Oread escarpment extended several 
miles farther to the east. The Kansas river existed pre-. 
vious to the time of the glaciers_, but Wakarusa creek 
did not originate until during this time. The drainage 
south of the Kansas river consisted of creeks which flow-
ed along and across the _present site of Wakarusa creek 
28 and entered Kansas river. 
As the ice approached from the north, it crossed 
and blocked the Kansas above Lawrence. The o~erflow 
28. Todd, J.E., "History of Wakarusa Creek",Kans.Aoad. 
Soi.,Vol.23-24,pp.211-21-8;1911. 
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ito the south first caus_ecl iakes which later developed · 
.,••f ~i-
into Wakarusa creek which flowed around the head of the 
ice and entered the Kansas river to the east. 29 Thia 
earliest channel of the Wakarusa is represented by the 
boulders on the top of Three Sisters and around the 
edges of Blue Mound. The later history of the ice con-
sists of long periods when torrents of.water from melt-
ing ice rushed through the.Wakarusa cutting the forma-
tions down rapidly,alternating,~ith periods when the 
ice would not melt so rapidly and would advance and 
bring thick deposits of boulders, till, and drift. These 
later periods account for the lower boulder terraces. 
The deposits of till represent times when the ice ad-
vanced even across the W~karusa because, d.eposits of till 
as stated above, are found south of that creek. Glacial 
streams, also, left their deposits of sand and gravel 
such as the one at the Lawrence brick plant. 
Kinds of Boulders 
The boulders scattered throughout the 'area are com-
posed mainly ·of quartzite, granites and green stones 
29.Todd, J.E., "Drainage of the Kansas Ice ·Sheet".Kans.Acad. 
Sci., Vol.22, pp.107-11~~1909. 
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named in the order of thed.r abuncUmO'e. 
Quartzite 
The quartzite boulders are by far the most numer-
ous. Most of them are tinted with red depending upon 
the amount of iron oxide which they contain. Some of 
them are dark red in color while others are finely streak-
ed with white and red. These boulders were brought by 
the ice from southwestern Minnesota and northwestern 
Iowa. Most of them are very hard and show little ef-
fects of weathering. They were characteristically round-
ed and smoothed by the ice in transportation. 
Granite 
Granite boulders are, also, found in the area. Most 
of them are reddish or pinkish in color. Some are sub-
angular like the quartzite boulders,while others are 
found as irregularly shaped blocks. Not all of them are 
weathered to the same extent. Some crumble at the slight-
est touch while others are almost as hard as the quartz-
ite boulders. 
Green Stone 
A few b·oulders of green stones including diori tes, 
diabeses, and gabbros are ~ound. These boulders are us-
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I ually very small and_are weathere~ o~ly slightly. 
Native Rook 
Limestone and flint native to the region are fre-
quently found in the bouldery patches associated with 
the northern boulders. 
A complete list of the boulders found in the mound 




Diorites and gabbros 
Hornblende and mica schists 
Granite gneiss 
Conglomerate 
Limestone and flint 
Limestone conglomerate 
CHAPTER 6--ECONOMIC 'GEOLOGY 
Introduction 
The mineral resources of the Lawrence area comprise 
bituminbus coal, brick.clay, and shale, building lime-
stone, crushed limestone, building sand, and water in-
cluding the water which is used for domestic purposes 
and the water which the Kansas river affords as a source 
of power. While no oil or gas has been.found in the 
area as outlined, several gas wells have been drilled 
just to the east, and there is a possibility that this 
may be one of the valuable resources of the region in 
the future. 
Coal 
The last c cal was mined. in Douglas County in 1893. 30 
At that time cheaper coal was being shipped in from 
Leavenworth County and the mines here were abandoned. 
The mines were located around Sibleyville and near Blue 
Mound. Some coal was also reported to have been mined 




r near the hill in East Lawrence.31>. A!l. that remains ·to-' 
day of the coal fields of Douglas County are vague re-
ports and sink holes which mark the sites o~ the old 
shafts. 
The coal was mined from a vein ten to fifteen in-
ahas thick approximately one hundred and fifty feet 
below the bottom of the Oread limestone or about thirty 
feet below the Iatan limestone. ~arly reports placed 
this vein of coal in the Lawrance shales, and since no 
coal has been mined in recent years, no effort has been 
made to change this statement to conform with the pre-
sent division of the shales nomenclature. The coal oc-
curs below the Iatan limestone and, therefore, in the 
Weston shales. Coal does occur in the Lawrence shales, 
however, appearing in a thin vein on-. the south side of 
the hill on which the University stands. Coal has also 
bean· mined in southwestern Fr~.nkli_n .Q.ountY and in Atohi-. , 
son ·. Qounty, about fifty feet below the Oread limestone~2 
31. Hawroth,Erasmus, "The Coal Fields of Kansas", Kans. 
Univ;.Quart.,Vol.3,p.297, 1895. 
32. Crana,W.R., "Stratigraphy of Kansas Coals", Kans. 
Univ.Gaol.Sur. Vol.3,p.186;i898. 
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The quality of the aoal has ~een described s mod• 
- .... ~ ti-
erately good. It was the fact, however, that the vein 
as very thin that c used it to be mined on only small 
scale and fin lly prevented its being mined in competi-
tion with the Le venworth ooal. Both the stripping 
method and the shaft method with hor e holsters were em-
ployed. 
Brick Clay and Shal 
Various products are manufactured by the Lawrence 
Vitrified Brick and Tile Company in its plant near the 
Fig.32--Lawrence Vitrified Brick and Tile Plant. 
north end of Mi 1ss1pp1 Street (figure 32). The e in-
elude building tile of various sizes, silo bloke, face 
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1 bricki;; paving brick and. common bric~,. 
The materials for the tile and brick are excavated 
. by a steam shovel from the side of a nearby hill. A 
section exposed in this cut is as follows: 
3. Sand, gravel, and boulders (fluvio-glacial) 5' 
2. Shale, dark blue at base and grading into 
yellow abo·va. . 20' 
1. Limestone shows only in the floor of the 
excavation. Thickness reported 15' 
Various proportions of the two upper divisions 
are used depending upon the product required. The iron 
content of the upper division ·1s high and gives a deep 
red colo~ed brick when burnt. The gravel and sand were 
~ 
deposited by an old river during glacial times and con-
tain many of the characteristic quartzite boulders brought 
by the ice from the north. 
It is not certain whether the shale of the second 
division is part of the Weston shales or belongs to the 
Lawrence shales. It is believed that the former classi-
fication is correct. 
The limestone exposed in the base of the excavation 
is reported to be fifteen feet in thickness. This is 
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'·much thicker than the outcrop of···th~'·Iatan elsewhere ' 
in this area, but the measurements are uncertain. On 
the other hand, however, it is not certain that it is 
the Iatan but it occupies a similar position below the 
Oread. The bed dips noticeably to the southwest. 
Building Limestone 
The limestone of the region, particularly the Oread~ 
has been quarried extensively for building purposes. A 
majority of the University buildings are constructed 
from this li~estone. Of these might be mentioned Haworth 
Hall, Marvin Hall, Robinson Gymnasium, Dyche Museum, and 
the Chemistry building. The Oread limestone contains 
considerable iron and changes to a deep buff color when 
weathered. All members of the Oread limestone are quar-
ried. 
Crushed Limestone 
Oread limestone has been quarried and crushed at 
nwnerous places for construction work in this area. The 
demand for crushed rook has not been large nor consis-
tent, however, hence none of the quarries have been work-
ed any considerable length of time. Small quarries are 
opened at the most convenient points when crushed rook 
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1 ie needed. Oread limestbne tests high in hardness, 
toughne s, aementing v lues nd in wearing qualities, 
and ia suit ble fo most types of construction work. 
Its French coefficient of wear is between seven nd 
eight, while Joplin flint is eleven) and granite ranges 
bet een thirteen and twenty-four. The toughness of 
Oread limestone is between six and seven which is also 
high for the lime tones in easter~ Kansa • 
At the present time, crushers are located west of 
Fig.33--Rock crusher on the Oread escarpment. 
Six miles northeast of Lawrence. 
town. One which crushed lime tone for the Fort to 
Fort High ay is located northeast of Lawrence six mile 
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1 on the Oread limestone __ e~carpment;' a:g;d is shown in fig-
1 
ure 33. 
The Iatan limestone is quarried for only local 
needs in this area. 
Building Sand 
Good building sand is obtained in this area from 
the Kansas river. Part of it is hauled directly from 
the sand bars along the banks, while the rest is obtain-
ed by dredging in the swifter currents of the stream. 
The sand from the sand bars is very fine but is used to 
a considerable extent. A much coarser and better grad-
ed sand is obtained by dredging. All of the sand is 
composed of quartz with very few impurities and is mod-
erately sharp. 
The sand which outcrops in the ledges near Lawrence 
is not used since it is harder to obtain than the river 
sand and is too fine to be of any value. 
Water 
Lawrence and the surrounding area are fortunate in 
having an abundant supply of water. Since so much of 
the area lies in the major valleys, water from the under-
fJ.Owar.is an important factor in the supply. Good, pure, 
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soft water in unlimite~ quantitiei i~ obtained fro~ 
this source. The first uplands are supplied by water 
.eq~ally as good from sandstones in the Weston shales. 
Water is obtained on the high, flat uplands by drilling 
to the sandstone near the base of the Lawrence shales. 33 
Several springs are found on the hillsides where 
the water bearing sandstones outcrop. Doubtless, other 
springs could be opened up by digging away the mantle 
soil where prominent seeps occur. 
The water in the Kansas river might, also, be men-
tioned as one of the chief water resources of the region. 
Part of the Lawrence city water comes from this source. 
Its greatest asset, however, lies in the fact that it 
is the most important source of water power in the state 
of Kansas. The Bowersock Mill and dam (figure 34) is the 
largest water power project in the State and is th~ only 
place where water power is utilized on Kansas river. The 
• 
mill is capable of generating from 2500-3000 horse power. 
Its power, ho~ever, is lessened by ice in the winter and 
by.high water during wet seasons. 
33. Young, c.c., "Notes on the Waters from the Sandstone 
in the Lawrence Shales", Kans.Aoad.Sci. Vol.23-24,pp.199-
200;1909. 
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The mill and dam are 1 loo at ed >on,,.. the south side of 1 
the river on Ma sachusetts Street. Here the bank is 
about fifty feet above the river making the location par-
ticularly favorable. The bant is also moderately high 
on the north side. The channel between the two points 
is rocky with slight rapids just to the east. 
Fig.34--Bowersock mill and dam. Height of water 
slightly above normal. · 
These conditions so favorable for the location of 
a dam and water power mill w re early recognized and the 
first dam was built in 1872. 34 It consisted of brush 
/ 
34. llewell.F.H. ,nThe Kansas River" ,u.s.G.s. Water Supply) A 
Series No.140,p.1457 
102 
and logs. During the high1 water _Q.f ia74 part of the dam· . . ~·. 
was washed away and in 1877 the remaining part disappear-
ed. As ~ach section "went out",however, the present dam 
was built. Since then, the dam has been-reen:forced and 
improved so that to-day it is almost all concrete. 
~he north half of the present dam rests on hard pan 
and is composed of a timber crib filled with stone which 
has recently been built up with concrete. The south 
half rests on a limestone ledge between two and three 
feet thick and is composed of cement masonry and concrete. 
Soil 
Six general types of soils are found in the vicinity 
of Lawrence. ~hese are sandy alluvium, gumbo, sandy loam, 
black loam, and residual and glacial soil on the uplands. 
The sandy alluvium is the most productive soil. It 
is found over all of the Kansas river flood plains with 
the exception of a few places on the south side, bu~ not 
to any great extent in the Wakarusa valley. It owes its 
origin to the river. Due to its· large percentage of sand, 
it drains readily. On the other hand, however, it blows 
easily in places. Alfalfa, corn, wheat, potatoes and 
legumes grow well on this soil. 
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1Gumbo soil i,s found,_• also, i.n.-'t~~ valleys. Small 1 
patches occur on the flood plains south of Kansas river. 
The greater part of the gumbo soil, 'however, is found on 
the flood plains of Wakarusa creek. It is characterized 
1. 
by poor drainage. 
/ _,.J-:'./f 
Only by in~oculating the soil and pre-
paring it with sweet clover can alfalfa.be grown. The 
principal crops raised are corn,. wheat, oats, and grasses. 
The sandy and black loams are residual soils formed 
by the decomposition of sandstones and. shales. They are 
found on both the first and second uplands. The black 
loam is moderately good for farming, but the sandy loam 
where it is composed mostly of sand is sometimes rather 
lean. Corn, wheat, and oats are the principal crops. 
Glacial soil covers the uplands north of Kansas 
river. Unlike the glacial soils farther north, they are 
not very productive. They are composed. mainly of clays 
with a small amount of gravel. Because of their clay 
content, they are rather impervious and drain poorly. 
Iron oxide colors them a characteristic red. Small grains 
and corn are raised on them. 
A slightly different soil from the foregoing orig-
\ 
inates from the deco~position of the limestones which 
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underly the uplands. .J!he~ not too ~oclcy this soil 
.. - . ~:'- is I 
very rioh. 
Only a small percentage of the land in the vicinity 
of Lawrence is unsuitable for cultivation. The faces of 
the escarpments are too rocky and too steep to be farmed., 
while small portions of the valleys are too wet. Outside 
of these, the soil near Lawrence is the best in Kansas. 
Oil and Gas 
Oil. and gas have not .been found in the immediate 
vicinity of Lawrence. To the northeast, however, several 
gas wells have been drilled which make the outlook for 
the production of oil and gas in this portion of the 
state much brighter. 
Six wells have been drilled to date while two others 
will be begun in the near future. Only one well of the 
entire number was dry, while another was drilled too deep 
and ruined by water. The total production of the remain-
ing four wells is estimated at 3,850,000 cubic feet. The 
production of the largest well was measured at 2,200,000 
cubic feet. This well,which was the fi~st drilled,ran 
open for sixty days due to bad caves and the loss of the 
tools in the hole. Aft&r it w'as confined for on~ hour, 
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its rock pressure measured 260 po.µ_.nds.t The gas sand is, 
reached at a depth between 720 to 800 feet. 
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